The diffusion and the simultaneous reaction with cellulose of six reactive dyes bearing H-acid coupled with a substituted aniline as the chromophore and also bearing different reactive groups, 
INTRODUCTION
In order to elucidate the reaction mechanism of reactive dyes, the rate of hydrolysis and alcoholysis has been investigated as a measure of the reactivity for dichlorotriazinyl ,1-9) monochlorotriazinyl,1o -14) trichloropyrimidinyl ,15,16) vinylsulfonyl, [17] [18] [19] and dichloroquinoxalinecarbonyl dyes ,2o-24) as reviewed by Rys,21) Hildebrand26) and Rattee .27) The reactions were treated as pseudofirst-order under a definite condition.
The mechanism of reaction with cellulose has also been studied for dichlorotriazinyl,3-8) trichloropyrimidinyl ,15) vinylsulfonyl, 18) and dichloroquinoxaline -carbonyl dyes. 21, 22, 28) In the previous studies , the diffusions with simultaneous reaction in cellulose for mono -and dichlorotriazinyl and vinylsulfonyl reactive dyes were investigated by the cylindrical film roll method. [29] [30] [31] [32] [33] The pseudofirst -order rate constants of reaction with cellulose, the diffusion coefficients and the surface dye concentrations under various conditions were evaluated from the diffusion profiles of the active and the fixed species.
In the present study, the diffusion and the simultaneous reaction in and with cellulose for six dyes having different reactive groups, monochlorotriazinyl, dichlorotriazinyl, trichloropyrimidinyl and dichloroquinoxaline-carbonyl were examined by the same methods as previous studies.29-31, 33) Their chromophore was constructed by H-acid coupled with a substituted aniline. In order to elucidate the effect of the reactive groups on the mechanism of dyeing, the results were compared with those obtained in the previous studies. [29] [30] [31] [32] [33] 2. EXPERIMENTAL Samples of reactive dyes used and the experimental conditions are shown in Table I. The   Table I . Dyes used and experimental conditions temperature was chosen based on the practical dyeing conditions. The dye concentration (2.0 g/ dm3) in the dyebath is in the range where the variation of the surface dye concentration is insensitive when the dye concentration in the dyebath is changed. The ionic strength (I) of the dyebath was 0.15 through all the experiments. The commercial dyes were used without purification. Colored impurities were absence or, at least, non-reactive, as confirmed by paper chromatography and the absorption spectra of the dyed films. The experimental methods, including cellophane sample, the preparation of the dyebath from Kolthoff's buffer solution and sodium sulfate, apparatus for the diffusion experiments etc., were the same as those reported previously,29-33) After a diffusion for prescribed time, the optical densities of the "total" and fixed species on the film were measured.32,33) From the difference between them, the sum of the optical densities for the active and the hydrolyzed species was obtained, but, as will be mentioned below, the amount of the latter species was found negligible with some exceptions. The difference will be called in the present paper the active species , while in the case where the hydrolyzed species were found to a considerable amount the term "removed" species will be u sed (see Fig. 3 ).
RESULTS AND DISCUSSION

Concentration Profiles and Adsorption
A cylindrical film roll may be regarded as a one-dimensional semiinfinite substrate. When the diffusion coefficient, D (m2/s), of the active species of reactive dyes is constant and the reactions of active species with cellulose and with water are of pseudofirst-order, the one-dimensional diffusion equation accompanied by the simultaneous reaction with cellulose and water is given by: (1) where C (mol/kg) is the concentration of the active species, k, and ky (s-t ) are the rate constants for the pseudofirst-order reaction with cellulose and water, respectively, t (s) is the time and x (m) is the distance.
Eq. (1) is solved under the condition of an infinite dyebath, i.e. of a constant surface dye concentration, Co (mol/kg), to give an equation describing the concentration profile of active species in the substrate. On integrating the equation by t and further by x, equations giving the concentration profile of the fixed and the active species in the substrate were derived. 32, 33, 35) Most of the experimental profiles of the active and the fixed species agreed well with the theoretical profiles drawn according to above equations. some examples are shown in Figures 1 and 2 , where the theoretical average concentration (mol/ kg) of the active (Ci) and the fixed (C1 ?? ) species in the ith layer were calculated from eqs. (2) and (3) in Ref. 29 and compared with the found values. The values of D, Co, kc and k, were calculated by the nonlinear least squares method by minimizing the variance or the weighted residual sum of squares for the theoretical and experimental average concentrations of the active and the fixed species in each layer. 36, 37) In the case of dichlorotriazinyl dyes, the diffusion occurred only into a few layers from the surface due to both the high value of kc and the low value of D at low temperature (Fig. 3) . No accurate evaluation of the parameters could be made from the experimental profiles due to the interaction between D and kW . 36) Assuming that the D was independent of pH,31,38) the value of which had been estimated by the diffusion at pH 6. and cellulose follows neither pseudofirst-order nor second-order kinetics, (2) the bimolecular rate constants, kw', of hydrolysis for Red 41 decreases gradually above pH 9 with an increase in pH, 22, 23) or (2') the plots of log kc vs. pH give a straight line with a slope of 0.85,24) although the slopes for some dyes are unity, 22-24) and (3) the rate of reaction with cellulose for Red 41 increases with an increase in salt concentration .22) No explanation has been made why the pH dependence of kw changes with dyes, although they supposed that the ionization of phenolic hydroxyl group resulted in a decrease in the reactivity.21) They have also observed that (4) the relative rate of reaction with cellulose decreased with increasing in the total amount of dye on the fiber.28) As they carried out the experiments under the conditions similar to the practical dyeing and the assumptions introduced in their studies were different from those of the present study, the contradictions between the results of both studies could not be discussed in detail, as reported previously 40) However, the present results show as in case of the other reactive dye-cellulose systems 3,9,15,18., [29] [30] [31] [32] [33] that the reaction of Red 41 with cellulose is of pseudofirst-order , and that the values of kc does not depend on the concentration of active species , because the experimental profiles of the active and the fixed species agreed well with the theoretical profiles as seen in Fig . 2 plots of log kc vs. pH (Fig. 8) , and had a little higher reactivity than those for the other homologues with no potentiality .38) The shape of the plots is similar to that for the hydrolysis of these dyes.5) 3.2.5 Activation Energy of Reaction with Cellulose The activation energies of reaction with cellulose, E, (kJ/mol), are shown in Table II . The values of E, for dichlorotriazinyl dyes were found the smallest, those for monochlorotriazinyl dyes were the largest, and that for dichloroguinoxalinecarbonyl dye was in between them. They were in the order of their reactivity, as expected. Hildebrand measured the value of Er for Red 41 to be 92-97 kJ/mol,23) which were nearly similar to that estimated in the present study. Table II . Activation energies of the reaction with cellulose, E, and of the diffusion.in cellulose, Ed
Diffusion in Cellulose
The values of D for 6 dyes, shown in Table III , were constant over the pH range examined in common with the other reactive dyes. 29,31,38) Red 1 and Red 2 had small values of D due to the low temperature, Red 3 had small value of D in spite of high temperature and low affinity, and Red 41 had large one in spite of the high molecular weight. Thus, no definite relationship was concluded among the values of D, molecular weight and affinity.
The values of the activation energies, Ed (kJ/ mol), of diffusion except for Red 1 and monochlorotriazinyl dyes are nearly similar to each other (Table III) . Red 1 has the smallest value of Ed in the homologues.38) Red 12 has the largest value of Ed and that for Red 3 is in the similar order of magnitude to most monochlorotriazinyl dyes. 29) 
